Objective: To analyse the repair of lesions of articular cartilage with periosteum-free implants and follow-up at 6 months.
Introduction
Articular cartilage is avascular tissue and partial-thickness defects of cartilage thus have poor reparative capacity since tissue response with formation of a fibrin clot is absent. Slight mitotic activity may be seen around the edges of an injured cartilage area, but this activity is not strong enough to produce a repair. However, if the defect penetrates deeper into the well vascularized subchondral bone, this tissue repair process becomes possible and lesions have a certain healing potential. Small defects could heal with fibrocartilage tissue emanating from the subchondral space, but in larger defects healing by such a process is much more unpredictable. 1 Repeated minor trauma, as well as overt injury of the articular cartilage, can cause osteoarthritis. When OA is severe, the usual treatment is replacement of the arthritic articular surface with an artificial prosthesis. Total articular replacement is most commonly performed in people over 60 years of age. Treatment of younger patients (under the age of 50) is more troublesome, because the prostheses have a limited lifetime.
Many techniques have been developed to repair cartilage defects, 2 using a variety of biological materials such as osteochondral allografts, 3 cryopreserved osteochondral grafts, 4 meniscal fibrocartilage, 5 perichondrium, 6, 7 periosteum, 8, 9 fetal membranes, 10 mesenchymal cells 11 and autologous chondrocyte transplants. 12, 13 Periosteal transplant is one of the oldest procedures. Rubak et al. 14 produced neochondrogenesis on osteochondral defects. Salter et al. 15 emphasized the important role of continuous passive motion in rehabilitation. Niedermann et al., 16 among others, described promising results for this application in the patellofemoral joint, and some successful clinical cases have been described. 17 Periosteal grafts show improved results in the long term [18] [19] [20] and for this reason this work analyses the neocartilage formation from periosteum grafts in a weightbearing area of the knee joint of rabbits, at follow-up at six months.
Material and methods
This study used 36 adolescent New Zealand rabbits, of both sexes, with an approximate weight of 2000-2600 g. The rabbits were randomly divided into a control group and experimental group. The selected experiment area was the joint surface of the femoral condyles because they are anatomically similar to those of humans, are the most suitable size, provide easy surgical access and are subjected to considerable load-bearing forces.
General anaesthesia was induced by intravenous thiopental (15 mg/kg) and maintained on 1% halothane, 6% nitrous oxide and 39% oxygen.
The surgical procedure consisted of removal of an area of 4 mm of the articular cartilage from the medial femoral condyle, in the posterior weight-bearing area. Specially designed surgical instruments were used to remove all the articular cartilage and 1-2 mm of the underlying subchondral bone. This was the only intervention in the control group (18 rabbits), whereas in the experimental group (18 rabbits), the defect was covered with periosteal-free grafts harvested from the medial aspect of the proximal portion of the tibia. The periosteal free graft was placed in the defect so that its cambium layer was facing up into the joint, and was secured to the base of the defect with fibrin glue.
During the post-operative period the limb was immobilized with a plaster cast to maintain the knee in a flexion of 30°, thus allowing the animals to move freely within the cages. The plaster cast was removed 1 week after the surgery and the animals were killed in groups of 12, six from the control group and six from the experimental group, by administration of an overdose of thiopental at intervals of 8, 12 and 24 weeks. The operated knee joint was then excised, carefully cleaned of all neighbouring tissues, subjected to a macroscopic study and the internal femoral condyle was cut into fine slices for histological examination.
The specimens were fixed in 10% formaldehyde, decalcified in nitric acid and processed in paraffin, to obtain sections of 4-5 for staining with hematoxylin-eosin. The study was completed with histochemical procedures using a safranin-O stain for observation under optical and electron microscopy. The processing of these samples included fixing them in glutaraldehyde 2% buffered with a solution of sodium phosphate 0.1 m and safranin-O at 0.1%. After rinsing in a phosphate buffer solution (containing saccharose 0.2 m and safranin-O at 0.05%), a further fixing was carried out in osmium at 2% with sodium phosphate 0.1 m and safranin-O at 0.025%. All the preparations were enclosed in Spurr resin and sliced using an ultramicrotome. Ten to 20 sections were cut from each block and numbered from the edge to the centre so that all areas of the defect could be examined and any error due to improper sampling minimized.
The sections of each animal were examined independently by three investigators without prior knowledge of the group to which they belonged. Each preparation was scored on a histological scale, a variation of that described by Moran et al., 9 O'Driscoll et al. 21 and Mankin. 22 This table assigned a specific score to each parameter analysed in such a way that the best results would correspond to the highest score, which would be correspondingly lower with deterioration of the results (Tables I and II ). The numerical data obtained were submitted to statistic analysis by the application of the Mann-Whitney U-test to compare the mean scores for the 
Results

MACROSCOPIC STUDY
In the control group (Table III) , in all cases the function of the knee was normal at 8 weeks, with a range of mobility similar to the healthy knee. The appearance of the condyles was normal with slight thickening in the injured area, but all showed a clearly visible chondral ulcer partially occupied by whitish tissue. In certain areas this covered the original cartilage, which appeared completely normal or had minimal signs of degeneration [ Fig. 1(a) ].
Two cases of the control animals killed at 12 weeks showed serious morphological and functional disturbance due to the presence of external luxation of the patella, whereas all the other knees presented normal morphology and function. There was slight thickening in the femoral condyles, with osteophytes in two cases, with the lesion occupied by whitish tissue below the level of the rest of the condyle.
At 24 weeks, the morphology and function of the knee was normal in all the controls. The appearance of the condyles was normal in three cases, while the other three presented an osteophytic reaction. Although it was more severe in the internal femoral condyle, it also affected almost all the knee. The surface was irregular and dull and extended widely, beyond the original limit of the lesion, with clear signs of degeneration in the remaining cartilage [ Fig. 1(b) ].
In the experimental group (Table III) , none of the animals killed at 8 weeks presented any disturbances of the joint mobility. With one exception, the condyles at the lesion site presented a convex surface regularly occupied by bright and opaque white tissue, without any signs of degeneration in the remaining cartilage [ Fig. 2(a) ].
In the experimental animals killed at 12 weeks, only one showed a slight morphological disturbance, with mild swelling of the joint but without intraarticular fibrosis or any functional deterioration. None of the condyles presented a morphological alteration, except one case that for assessment was considered as similar to osteophytosis. In all cases, the surface was regular with the injured zone occupied by a convex semi-transparent tissue of similar appearance to joint cartilage. One case presented slight ulceration in the area of the lesion.
In all the animals of the experimental group killed at 24 weeks, the morphology and functionality of the knee was absolutely normal, without any evidence of intra-articular fibrosis. Osteophytic reaction of the medial condyle was only appreciated in one case, without global affectation of the rest of the distal part of the femur. The surface was regular, with the zone of the lesion at the same level as the rest of the condyle, with practically the same coloration, being difficult to distinguish the edges from the ulcer. There were no degenerative alterations in the remaining cartilage, except in two cases that showed minimal irregularity of the surface with loss of transparency [ Fig. 2(b) ].
MICROSCOPIC STUDY
At 8 weeks, the animals belonging to the control group (Table IV) presented the ulcer filled by fibrous tissue. In some areas this was depressed below the level of the original cartilage and in other areas it surpassed it in the form of a tongue, with poor coaption [ Fig. 3(a) ].
At 12 weeks the lesion was occupied by bone tissue and a fine depressed layer of fibrous or fibrocartilaginous tissue, with an irregular surface, poor coaption with the original cartilage, but with areas of hyaline cartilage, not predominant, and considerable osteoblastic activity in the bone tabeculae.
At 24 weeks the lesion was occupied by fibrocartilaginous tissue, the surface was irregular, with deep penetrating mamelons and hyaline cartilage areas, and partial continuity with the remaining cartilage [ Fig. 3(b) ]. The safranin-O stain presented severe reduction, without pericellular but with intracellular staining [Fig. 3(c) ]. The electron microscopy revealed fibrous tissue without safranin-O stain, and areas of fibrocartilaginous differentiation consisting of cells with an irregular appearance, indentations and pseudopodia formations. The cell organelles, whose state indicates the degree of metabolic activity of the cells, were reduced [ Fig. 3(d) ].
In the experimental group (Table IV) at 8 weeks the lesion was filled by a mass of predominantly cartilaginous tissue, with good coaption with the original cartilage. This cartilaginous mass was much wider than the original cartilage, with a regular joint, and grew deeply like a mamelon, giving rise to endochondral ossification [ Fig. 4(a) ]. At 12 weeks the lesion was almost exclusively occupied by hyaline cartilage of greater thickness than the original cartilage, but was smaller in width than in the previous group of 8 weeks. It showed good coaption with the original cartilage.
At 24 weeks the lesion was exclusively occupied by hyaline cartilage, with good coaption with the original cartilage and of practically the same thickness, with a regular joint surface and good column alignment of the chondrocytes, without chondrocyte clustering, just like mature cartilage [ Fig. 4(b) ]. The stain with safranin-O was normal around the cell membrane as well as at the matrix [ Fig. 4(c) ]. The electron microscopy revealed cartilaginous tissue, with rounded cells, with a regular surface, rounded or oval nuclei, with one or more nucleoli and a well differentiated cytoplasm. There was considerable activity of organelles and intense staining of proteoglycans in the form of a halo around the cell membrane and at a level of the matrix, in the form of dense material with a multi-branched structure [ Fig. 4(d) ].
STATISTICAL ANALYSIS
Significant differences (P<0.05) were found between the control and experimental groups when analysing the macroscopic appearance of the femoral condyles and in the histological, histochemical and ultra-structural results (Table V) .
Discussion
This study forms part of a line of research 6, [23] [24] [25] that intends to study the chondrogenic capacity of various biological tissues. It includes studies of the capacity of spontaneous regeneration of major full-thickness lesions of the joint cartilage of the medial femoral condyle in a weight-bearing area and the formation of neohyaline cartilage from periosteum-free tibial grafts.
Coinciding with other studies, our experimental work has highlighted the limited repair capacity of major fullthickness lesions to joint hyaline cartilage in such a way that at 8, 12 and 24 weeks of evolution, the full-thickness defects of the control group were partially filled with fibrous and fibrocartilaginous tissue, with very few areas of hyaline cartilage. 14, [26] [27] [28] The regeneration obtained in the experimental group mainly or exclusively consisted of hyaline cartilage and these characteristics were maintained and even improved as the follow-up time increased.
The origin of the neochondrogenesis seems mainly to proceed from the periosteal-free graft, and presumably from the undifferentiated cells in its cambium layer, 29 given the scarce chondrogenic capacity of the ungrafted defects.
The size of the lesion, its location in a weight-bearing area and the use of a fibrin glue for bonding the preparation are all factors that we consider determine the results obtained in this study and differentiate them from similar studies. The lesion, with a diameter of 4 mm, excludes the possible beneficial influence on spontaneous repair of a full-thickness, but small sized, lesion. The location, in a weight bearing area, differentiates this study from other projects with similar characteristics for the type of lesion and study period, but with a location in a nonweightbearing zone. [19] [20] The short post-operative immobilization permitted the expression of the beneficial effect of joint mobility and free loading on joint cartilage. 15 The use of a fibrin glue 30 has made it possible to establish good initial bonding with an extremely low incidence of graft detachment which, in some studies, is as high as 40%. 31 Furthermore, the hemostatic action prevents the appearance of hematomas under the graft and the negative effect that this has on the quality of the granulation tissue. 32 As in previous studies, 6, 9, 14, 19, 21, 23, 24, [33] [34] [35] [36] we have demonstrated that the capacity of periosteal-free grafts to produce hyaline cartilage enables them to be used to restore lesions of the joint surface. However, one important question that still remains unanswered is the permanence of this neocartilage.
O'Driscoll et al. 19 with periosteal grafts in broad, 5×10 mm, defects in the patellar groove of the femur and in a nonweight-bearing area, had good results in only 66.3% of cases after 1 year because of the incidence of periosteal calcification.
Angerman et al. 18 evaluated 14 consecutive periosteal transplantations to treat osteochondritis dissecans of the femoral condyle. One year post-operatively, nine knees were pain-free, but with 6-9 years follow-up, only two knees were pain-free. In 10 patients the tissue formed in the defects was not, or probably not, hyaline cartilage. Six knees had development arthrosis.
Lorentzon et al. 17 evaluated 26 consecutive periosteal transplants (without any chondrocytes) to treat isolated full-thickness cartilage defects of the patella. In a mean follow-up of 42 months (range 24-76 months), 22 patients (85%) had returned to their previous occupations. Biopsies taken in five randomly selected cases showed hyaline-like cartilage.
In this experimental work with a follow-up period of 6 months, we have shown that it is possible to repair major full-thickness osteochondral defects in load-bearing areas of the knee of rabbit through neochondrogenesis from periosteal-free grafts. Macroscopic, histological, histochemical and ultra-structural examination seems to indicate that the neo-formed tissue is hyaline-like cartilage. The six month follow-up did not show any deterioration of the quality of the regenerate, but it did seem to adjust to the same thickness as the original cartilage through replacing its base by endochondral ossification.
In view of the results obtained in this research animal, and the benignity and low cost of the method, we suggest its consideration as a possible therapeutic alternative for patients affected by local arthrosis and areas of osteochondritis of the femoral condyle. 
